ABSTRACT
INTRODUCTION
The FTA ® Card is a chemically treated filter paper designed for the collection and room temperature storage of biological samples for subsequent DNA analysis (1, 2, 5) . It is suitable for storage of blood samples as well as a variety of cells and tissues for PCR analysis and other genomic DNA applications (10) . It is useful for recovery of plasmid DNA for PCR and for transformation from archived bacterial cultures and colonies (6, 8) , as well as for storage and recovery of E. coli M13 phage DNA for DNA sequencing applications (data not shown). In addition to archiving samples for DNA analysis, it would be beneficial to researchers if biological samples could be similarly archived for RNA analysis. This report describes the utility of the FTA Card in the collection and storage of samples of plant and animal origin.
MATERIALS AND METHODS
All reagents and media were from Life Technologies (Rockville, MD, USA) unless otherwise stated.
Cell Culture
HeLa cells were grown in suspension in S-MEM supplemented with 10% heat-inactivated horse serum and 4 mM glutamine. BHK-21 cells were grown in monolayer as described previously (4) , and suspensions were prepared by trypsinization (0.05% trypsin solution) followed by washing and resuspension in Dulbecco's PBS (containing Ca 2+ and Mg 2+ ) at the appropriate cell density. Resuspended cells were spotted on FTA Cards using an adjustable pipettor, and similar control samples were vialed and quick-frozen in a dry-ice ethanol bath and stored at -70°C.
Preparation and Storage of Samples
Blood (20 µ L) and 5 µ L HeLa cell suspension (1 ×10 7 cells/mL) were spotted directly on FTA Cards, allowed to airdry for up to 2 h, and stored at room temperature, 4°C, -20°C, or -70°C in sealed foil packages containing desiccant. Gene Guard Swabs containing buccal cells were applied onto FTA Cards, allowed to air dry for up to 2 h, and stored at room temperature in sealed foil packages with desiccant. Potato plant leaf samples were pressed onto FTA Cards using a nitrogen-driven press (17.5 psi) and treated as described above.
PCR of Genomic DNA
Using a HARRIS MICRO-PUNCH™, 2-mm punches were removed from blood samples stored on FTA. The punches were each placed in 1.5-mL microcentrifuge tubes and processed by incubating 3 ×5 min with FTA Purification Reagent (200 µ L) at room temperature followed by 2 × 5 min incubations with 200 µ L TE (10 mm Tris-HCl, pH 8.0, and 0.1 mM EDTA) at room temperature. Each punch was processed individually and then transferred to a thin-walled amplification tube. Amplification was performed by using P LATINUM ® TaqHigh Fidelity DNA polymerase (1 U), in 1 × P LATINUMTaqHigh Fidelity PCR Buffer, 200 µ M dNTPs, 200 nM primers, and 2 mM MgSO 4 .
RT-PCR
Using a HARRIS MICRO-PUNCH, 2-mm punches were transferred to 1.5-mL low-binding RNase-free DNase-free tubes (Marsh Biomedical, Rochester, NY, USA) containing 400 µ L RNA processing buffer (10 mM Tris-HCl, pH 8.0, 0.1 mM EDTA, 400-800 U/mL RNASE OUT™, and 2 mM DTT) and incubated on ice for 15 min with vortex mixing every 5 min. In some experiments, the processing buffer also contained 250 µ g/mL glycogen to facilitate subsequent precipitation of the RNA. Unlike genomic DNA, RNA elutes from the filter punches during this incubation. RT-PCR was done either directly using the processing buffer eluate as substrate or using RNA precipitated from the eluate. The RNA was precipitated by addition of salt (0.1 volumes of 3 M sodium acetate or 0.5 volumes of 7.5 M ammonium acetate) and 0.5 volumes of ice-cold 100% isopropanol. The samples were placed at -20°C overnight, spun down at 1 2 000 ×gin the microcentrifuge, washed with 75% ethanol (ice-cold), and allowed to air-dry. RNA pellets were resuspended in 50 or 100 µ L sterile TE. Synthesis of first-strand cDNA was performed using S U -PER S CRIPT ™ II RNase H-reverse transcriptase (Life Technologies) according to the manufacturer's protocol, except the reaction was performed at 50°C in a final volume of 50 µ L containing 40 U RN ASE OUT. The amount of RNA used in the first-strand cDNA synthesis is indicated in the figure legends. Amplification reactions (50 µ L) contained less than or equal to 10 µ L of the cDNA reaction and the following: 1 × Amplification Buffer, 1.8 mM MgSO 4 , 200 nM primers, 200 µ M each dNTP, and 2.5 U P LATINUMTaq DNA polymerase. Thermal cycling parameters and primer sequences for each target are provided in the figure legends. For templates larger than 4 kb, 1-2 U P LATINUMTaq DNA Polymerase High Fidelity was used. Amplification products were analyzed by 1.2% TBE or 0.8% TAE agarose gel electrophoresis (9) . Primer sequences are given in Table 1 . into small pieces using a razor blade and added to 750 µ L sterile water followed by incubation at room temperature for 7 min with frequent vortex mixing. To remove the filter pieces, the eluate was passed through a shredder microcentrifuge tube, and the poly(A) + RNA was isolated by selection with oligonucleotide(dT). Typical yields from these samples were 300 ng mRNA/2 ×10 6 cells. Total RNA from the same number of BHK-21 cells was isolated using TRI ZOL ® Reagent according to the manufacturer's directions, and poly(A) + RNA was isolated from these samples by selection with oligo(dT) as well.
Isolation of Poly(

Northern Blot Analysis of RNA
Total RNA and poly(A) + RNA were subjected to electrophoresis in a 1.2%, 1 ×MOPS, 30% formaldehyde agarose gel as described previously (9), followed by transfer to a nylon membrane. The blot was baked at 80°C for 1 h followed by prehybridization as previously described (9) . 32 P-labeled β -actin probe was prepared using the RadPrime DNA Labeling System and was adjusted to a final concentration of 5 × 10 6 cpm/mL hybridization buffer. Hybridization was performed as described previously (9) for 16 h at 42°C. The blot was washed 3 × 5 min with 2 ×SSC (9) containing 0.1% SDS at room temperature and 2 ×30 min with 0.25 × SSC containing 0.1% SDS at 65°C. The blot was then placed in plastic wrap and exposed to X-ray film. Figure 1 demonstrates amplification of 0.672-and 3.19-kb genomic DNA β -globin targets from a human blood sample that was spotted onto an FTA Card and stored at room temperature for up to two years. These data are in agreement with similar results demonstrating excellent maintenance of DNA integrity by this archival method (3, 10) . To investigate the integrity of RNA in mammalian cell samples stored on FTA Cards, we isolated total and poly(A) + RNA from the same number of BHK-21 cells that were either vialed or spotted on FTA Cards and stored at -70°C. We then performed northern analysis on the poly(A) + RNA isolates ( Figure 2 ) using a 32 Plabeled β -actin probe. The quality of the 2.2-kb signal from the archived samples is directly comparable to that of RNA isolated from vialed BHK-21 cells by traditional means. The signal intensity the RNA isolated from FTA Cards is lower than that from the RNA from the vialed cells. This is most probably due to differences in the yield of RNA. Based on these results, it appears that the integrity of poly(A) + 5) as described in Materials and Methods. The RNA was subjected to electrophoresis on a denaturing agarose gel, and a northern blot was done using a 32 P-labeled probe specific to β -actin mRNA. The number of cells used was 2.5 ×10 6 (lanes 2 and 4) and 4 ×10 6 (lanes 1, 3, and 5). maintained. However, we have found that, after application of mammalian cells onto FTA paper, the samples must be placed at temperatures less than or equal to -20°C for long-term storage greater than two to three months. RNA integrity in samples stored at room temperature or 4°C for extended periods was suboptimal compared to samples stored at temperatures less than or equal to -20°C (data not shown). This loss of integrity was measured as a decreased RT-PCR signal relative to control RNA. Genomic DNA contained in FTA-archived samples stored at room temperature for up to 7.5 years has been shown to be intact (3), which is quite different from our observations with RNA.
RESULTS
We further investigated RNA stability on FTA Cards stored at temperatures less than or equal to -20°C by performing RT-PCR analysis on different mRNA targets. We observed that, unlike genomic DNA, RNA does not remain on the FTA Card during processing, as judged by the time-dependent decrease in signal from the punches during washing and by the weak (or no) RT-PCR signal obtained from the punches compared to the wash solution. Virtually all of the RNA elutes into the initial wash, and this eluted cellular RNA can be directly placed into the first strand reverse transcription reaction or can be ethanol precipitated from the wash solution and resuspended in sterile water or TE before analysis. The results in Figures 3 and 4 demonstrate successful RT-PCR of different mRNA targets from mammalian cells and plant samples, respectively. For the mammalian cell samples, the RT-PCR targets were 626-bp, 1.08-kb, and 5.76-kb sequences from β -actin ( Figure 3 , panel A), replication protein A (RPA) (Figure 3, panel B) , and clathrin-like protein (Figure 3 , panel C) mRNAs, respectively. For the potato leaf plant samples, our RT-PCR target consisted of an 852-bp sequence from the 1756-bp cysteine protease mRNA. Negative controls consisted of reactions where reverse transcriptase was omitted during the initial cDNA synthesis step and positive controls consisted of the addition of 100 ng HeLa or 50 ng plant leaf RNA directly to the initial cDNA synthesis step. It is important to include the negative control because we have observed that trace amounts of genomic DNA also elute from the punch during processing, and it is necessary to ascertain that RT-PCR signals are indeed mRNAderived and not from contaminating genomic DNA. The results in Figures 3 and 4 demonstrate that the desired RNA-specific RT-PCR products were obtained with the FTA Card samples stored at -20°C and -70°C and were comparable to the positive controls. We next examined the proportionality of RT-PCR signal obtained versus the number of HeLa cells that were spotted onto the FTA Card. Such an experiment would reveal the feasibility of using this method to semiquantitatively measure differential gene expression in biological samples. HeLa cell suspensions at various densities were prepared, and 5-µ L aliquots of the various suspensions were identically spotted onto FTA Cards ( Figure 5 ). We observed a relationship between the relative amount of RT-PCR product obtained versus the number of cells spotted onto the FTA Cards. These data indicate that, at least semiquantitatively, differences in mRNA levels can be measured by RT-PCR using FTA Cards.
DISCUSSION
Our analysis indicates that FTA Cards can be used to collect and store biological samples for subsequent RNA analysis by RT-PCR and northern blotting. The quality and integrity of the poly(A) + RNA in these samples was preserved, and we were able to obtain RT-PCR product of various sizes as high as 5.76 kb. In northern analysis, the integrity of the hybridization signals was comparable to RNA controls that were isolated directly from biological samples using traditional approaches.
Although RNA and DNA analysis are possible, it is important to note that there are differences between the stability and behavior of these nucleic acid types on FTA Cards. In terms of RNA stability, we have found that mammalian cell samples are stable at room temperature and 4°C storage for periods up to three and five months, respectively, in the desiccated pouches following sample application. Samples stored at temperatures less than or equal to -20°C are stable for periods of at least one year. It is noteworthy that co-application of protein RNase inhibitors with the mammalian cell samples did not prolong sample stability at the elevated temperatures (data not shown). For plant leaf samples, we found greater restrictions on storage temperature conditions for RNA stability. Potato leaf samples were stable at room temperature, 4°C, and -20°C for up to five days before decreases in RT-PCR signal were observed. Only storage of the plant leaf samples at -70°C following sample application resulted in the highestquality RT-PCR signal compared to positive controls. Even though there are limitations to sample storage at elevated temperatures, the use of FTA Cards would allow researchers to collect and apply biological samples in environments where freezers are not available. The applied samples can be later transferred (albeit shortly thereafter) and secured at the proper lower storage temperatures. This is an advantage over traditional sample collection, which usually requires immediate exposure to liquid nitrogen and storage at temperature less than or equal to -70°C for retrieval of high-quality RNA. Another difference with RNA is that, upon addition of the wash solution to FTA punches, a large percentage of the RNA readily elutes from the punch. Therefore, instead of placing the washed FTA Card punch into the reverse transcription reaction, we recommend addition of an aliquot of the wash solution, which contains the RNA eluate directly to the reverse transcripton reaction. However, the volume of the aliquot must not exceed 10% of the final volume of the reverse transcription reaction. Addition of aliquots that contribute to greater than 10% of the reverse transcription reaction volume results in reduction in the amount of RT-PCR product obtained, which is potentially due to interference from chemicals and preservatives that elute from the paper with the RNA. Alternatively, the RNA can be ethanol precipitated from the wash solution in the presence of a glycogen carrier because very low amounts of analyte are present. This may be necessary when performing RT-PCR analysis of low copy mRNAs, where large portions of the RNA eluate exceeding 10% of the final reverse transcription reaction volume must be added to the reverse transcription reaction.
We conclude that the use of FTA Cards for retrieval and analysis of RNA from biological samples is feasible as long as different methods are used for long-term sample storage and processing. The method used to process these samples is rather simple and less complex than RNA preparation methods involving cartridge-or organic-based purification methods. Therefore, it may constitute a method not only for con - Figure 4 . RT-PCR from plant leaf samples. RNA was eluted from 2-mm punches of the leaves from potato plants grown in soil as described in Materials and Methods and stored at -70°C for two weeks. RNA eluate (5 µ L) was added to each 50-µ L reverse transcription reaction. Amplification target was a 1.05-kb sequence from a 1.8-kb cysteine protease (AJ003137) mRNA using the following forward and reverse primer sequences, respectively, 5 ′ -TCGCCGAT -CTGACTAATGAGGAG-3 ′ and 5 ′ -ATGCGCTTCATTGCCTTCACTCC-3 ′ . Thermal cycling conditions were 94°C for 1 min, followed by 40 cycles of 94°C for 30 s, 60°C for 30 s, and 72°C for 2 min. M is the 100-bp DNA ladder. Lanes 1-3 and 4-7 are from samples stored at -20°C and -70°C, respectively, subsequent to application on FTA Cards, whereas lane 8 is a positive control in which 50 ng potato leaf RNA was added to the reverse transcription reaction. at different cell densities were spotted onto FTA Cards, allowed to air dry for 1-2 h, and then stored at -70°C for over one year. The 2-mm punches were taken from the samples and treated as described in Materials and Methods. An aliquot of the RNA (1/80th of the total volume of the wash) was used for RT-PCR as described in Materials and Methods. The target was an approximately 1.08-kb product of the RPA gene, and PCR primers and conditions are described in the legend to Figure 3 . M is the 1 KBP LUS DNA L ADDER . Lanes 1-3, 2 5 000 cells; lanes 4-6, 5000 cells; lanes 7-9, 500 cells; lanes 10-12, negative controls where S UPER S CRIPT II RNase H-reverse transcriptase was omitted from the reverse transcription reaction.
